This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Copied from 106943 88 on 08/31/2004 



( 

WO 02/058157 



( 

PCT/GB02/00138 



Solid State Imager Arrangements 

This invention relates to solid state imager arrangements and more particularly to 
arrangements in which signal charge multiplication is implemented. 

In a typical charge coupled device (CCD) imager, signal charge representative of incident 
radiation is accumulated in an array of pixels over an image area. Following an integration 
period, signal charge is transferred to an output register t; applying appropriate clocking 
or drive pulses to control elecirodes. The signal charge is then read out from the output 
register and applied to a charge detection circuit to produce a voltage which is 
representative of the amount of signal charge. 

Our previously published patent application, GB-A-2323471 discloses a CCD imager 
arrangement in which signal charge multiplication is obtained by providing a separate 
multiplication register following the output register. Charge is transferred through high 
field regions in elements of the multiplication register, thus accelerating the signal charge 
carriers and generating additional carriers through impact ionisation. As carrier 
multiplication occurs outside the conventional CCD structure itself, both the operation of 
the multiplication register and the CCD imager may be optimised without compromising 
the performance of one for the sake of the other. 

The present invention seeks to provide an improved solid state imager arrangement. 
According to the present invention, there is provided a solid state imager arrangement 
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comprising: an image area, an output register which receives signal charge from the image 
area, a separate multiplication register into which signal charge from the output register is 
transferred, means for obtaining signal charge multiplication by transferring the charge 
through a sufficiently high field in elements of the multiplication register, and an 
additional register into which excess signal charge is transferred. 

The invention is particularly suitable for arrangements in which the solid state imager is a 
CCD imager but it may be applicable to other types of solid state device in which packets 
of signal charge are transferred into an output register. ' ' " " 

The excess signal charge is that charge originating from the image area which does not 
pass entirely through the charge multiplication register. In the previously proposed 
arrangement, in parts of a scene of high illumination there is a risk that the well capacities 
in the multiplication register can be exceeded, leading to saturation and loss of image 
resolution. Thus, a drain region may be included which accepts charge exceeding a 
threshold value to avoid saturation. 

The present inventor has realised that although the previously proposed structure offers 
good performance, it is possible to enhance it still further. The inclusion of an additional 
register to accept excess charge means that in circumstances where the well capacities of 
the multiplication register are likely to be exceeded, some of the signal charge originating 
from the image area is diverted away from the multiplication part of the arrangement. 
Instead, this excess signal charge is transferred to the additional register, which is a 
structure also capable of holding charge packets which may be controllably moved through 
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the additional register. The remaining charge which passes through each multiplication 
stage may then be recombined with the excess charge from the additional register. For 
example, the signal charge packet may be reconstituted by appropriate synchronised 
clocking of the two register outputs to give an output which comprises the excess charge 
plus the amplified remaining charge which passed through all stages of the multiplication 
register. The combining step is conveniently carried out before any further processing of 
the signal charge is carried out but it could be implemented at a later stage in the 
processing sequence, for example after charge has been converted at the charge detection 
circuit or following conversion into video output. It may not always be necessary to 
synchronise the multiplication and additional register readouts providing provision is made 
for combining charge packets originating from the same output register elements. 

By using the invention, the dynamic range may be increased in comparison with the 
previous arrangement. In the previous arrangement, charge is lost to preserve image 
resolution at high illumination levels. With the present invention, the additional register 
acts as an overflow to store the excess signal charge which can then be usefully added 
back to the multiplied charge instead of being discarded. This gives the capability for the 
same imager arrangement to be used for both low light conditions and daylight conditions. 
It also permits dark and bright images in a scene to be detected simultaneously without 
loss of resolution in the high intensity regions. 

The dynamic range capability of a CCD is often described by the ratio of the saturation 
signal to the read noise. In the previous device employing a multiplication register, the . 
transfer curve is linear and saturation is determined by the charge handling capability of 
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the output circuit or of the elements of the multiplication register. Since gain implemented 
by the multiplication register may be 200 times or greater, the saturation signal may 
represent less than 1% of the well capacity of the pixel. By employing the invention, 
however, the whole range of pixel well capacity may be used, giving the consequent 
increase in dynamic range. 

The transfer of excess signal charge into the additional register may be accomplished by 
passive means or by active means, such as a gate electrode structure to which control 
signals are applied: 

There are several ways in which excess charge may be separated from the remaining 
• charge which is transferred through each element of the multiplication register. In one 
embodiment, the signal charge from the output register is applied to the multiplication 
register. The charge is increased as it is clocked through the multiplication register and 
undergoes signal multiplication. The additional register is located adjacent the 
multiplication register, separated therefrom by a potential barrier. Excess charge from the 
multiplication register flows over the barrier and into a corresponding element of the 
additional register. The signal charge from the two registers may be detected on separate 
amplifiers or combined and detected on a single output as the sum of the two register 
outputs 

If the multiplication register has a peak capacity N electrons and a gain of G, the response 
is linear up to N/G electrons and then logarithmic to N electrons. Thus, the dynamic range 
is effectively extended by a factor of approximately G. 
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excess charge being possible from each element in the multiplication register. In another 
arrangement, such transfer may only be possible from certain of the elements of the 
multiplication register, for example from alternate elements or from elements towards the 
output end of the multiplication register. 

In a preferred embodiment, the additional register is located physically close to the 
multiplication register so as to permit direct transfer of charge between the two via the 
intervening structure. However, they could be remotely located with respect to one 
' 'mother- WiCcliarge Stf«%iaMm*'ta intervening circuitrVand cloci^g techniques. 

The invention is most applicable to an arrangement in which a single multiplication and a 
single additional register are included. However, in some embodiments, a multiplication 
register may be associated with a plurality of additional registers, which may be arranged 
in parallel or in a cascade arrangement Also, a plurality of multiplication registers, each 
with its own additional register or registers, may be included in an arrangement to accept 
signal charge from a single output register. These architectures however are somewhat 
complicated and it is not apparent that the complexity would be off-set by improved 
performance. 



Some ways in which the invention may be performed are now described by way of 
example with reference to the accompanying drawings, in which: 

Figure 1 schematically shows a CCD imager arrangement in accordance with the 
invention; and 
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The excess signal charge may be transferred to the additional register via one or more 
elements of the multiplication register as described above. In another embodiment, excess 
charge is separated from the remainder of the signal charge before the remainder is applied 
to the multiplication register. For example, signal charge may be detected or sampled 
either before application of the charge packet to the multiplication register or via one or 
more elements of the multiplication register. Subsequent transfer of the excess signal 
charge to the additional register may then be carried out depending on the magnitude of 
signal charge detected. For example, if it is determined that the signal charge in the first 
element of multiplication register would lead to saturation in the final element of the 
multiplication register, following amplification as the charge is transferred through the 
multiplication register, an amount of signal charge suitable to prevent saturation from 
occurring may be diverted as excess charge to the additional register. In another 
embodiment, a fixed percentage of the signal charge may always be diverted to the 
additional register as excess charge, but this may lead to some reduction in the amount of 
multiplication which could otherwise be achieved. 

The excess signal charge may simply be that which exceeds a threshold level at some stage 
in the transfer of the signal charge through the multiplication register. The threshold level 
may be fixed or may be variable to take into account changes in the scene being viewed by 
the arrangement and/or ambient conditions. 

The arrangement may be such that each element of the multiplication register corresponds 
to and is in communication with an element in the additional register, with transfer of 
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Figures 2 to 4 show other arrangements in accordance with the invention. 

With reference to Figure 1, a CCD imager 1 includes an image area 2, a store section 3 and 
5 an output or readout register 4. The output register 4 is extended linearly to provide a 
multiplication register 5, the output of which is connected to a charge detection circuit 6. 
An additional register 7 having the same number of elements as the multiplication register 
5 is located physically adjacent to the multiplication register 5, an implanted barrier region 
8, shown schematically, being located between the twc registers 5 2nd 7 . 

10 

During operation of the device, incident radiation is converted at the image area 2 into 
signal charge representative of the intensity of radiation which impinges on the pixel array 
making up the image area 2. Following an integration period during which image 
acquisition occurs, drive pulses are applied to control electrodes 9 to transfer charge 
15 accumulated at the pixels of the image area 2 to the store section 3. Simultaneously, drive 
signals are also applied to control electrodes 10 at the store section 3 to cause charge to be 
transferred row by row towards the output register 4. 

. When a row of signal charge has been transferred to the output register 4, appropriate drive 
20 pulses are applied to electrodes 11 to sequentially transfer the signal charge from the 
elements of the output register 4 to those of the multiplication register 5, which is of 
similar architecture to the output register. 
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Multiplication of charge is implemented at each element of the multiplication register 5. 
High amplitude drive pulses, at the rate at which charge is clocked through the output 
register 4, are applied to control electrodes 12 to both transfer signal charge from one 
element to the next adjacent element in the direction show by the arrow and also to 
increase the level of signal charge by an amount determined by the amplitude of the drive 
pulses. As each packet of charge is transferred through the multiplication register from 
one element to the next, the signal charge increases. The output of the multiplication 
register 5 is applied to the charge detector 6, this being a multiplied version of the signal 
charge collected in the butput register 4. At each stage of the multiplication register 5, the 
signal charge is increased and each signal charge packet stored in the output register 4 
undergoes identical multiplication process as each travels through all the elements of the 
multiplication register 5. In another embodiment, signal charge multiplication is 
dependent on the level of one or more dc potentials applied to the register. 

The above description of the operation of the arrangement shown in Figure 1 is carried out 
when the signal charge collected at the image area 2 is relatively small and thus saturation 
does not occur during transfer through the multiplication register 5, the well capacity of the 
final element or elements of the register 5 being sufficient to accommodate the multiplied 
charge packets. However, in the event that the charge collected increases beyond the well 
capacity of the elements of the register 5, some of the charge is transferred from the 
elements of the multiplication register 5 via the implanted barrier into corresponding 
elements of the additional register 7. The amount of excess charge transferred to the 
additional register^ is dependent on the barrier potential. In this embodiment, the barrier 
potential is fixed and is uniform along the length of the multiplication and additional 
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registers 5 and 7. In other devices the potential is variable via control electrodes and/or is 
non-uniform. If the charge applied to the first element of the multiplication register 5 is 
reasonably small, so that at the final element 5 the well capacity would only be exceeded 
by a relatively small amount, transfer via the barrier between the two registers only occurs 
between elements at the ends of the registers where the charge has undergone the most 
multiplication, for example, over the last two or three elements. Where a larger signal 
charge appears at the first element of the multiplication register 5, then transfer of the 
excess charge to the additional register 7 occurs over a greater length of the two registers, 
transfer being possible between- each clement of the multiplication register 5 and a 
corresponding element of the additional register 7. The two registers 5 and 7 are clocked 
in synchronism so that the charge appearing at the final element of the two registers 
originated with the same packet of signal charge from a common pixel of the image area 2. 
The outputs of the two registers are then combined at combiner 13 prior to being applied to 
the charge detector 6. In one embodiment, the registers are clocked in synchronism with 
line timing of a television signal. 

The elements of the multiplication and/or additional registers may have the same charge 
capacity, or elements nearer the end or ends may have larger charge capacity. 

In another embodiment, a control gate structure is disposed between the multiplication 
register 5 and additional register 7 to control the transfer of excess charge to the latter by 
applying suitable control pulses. A combination of the two approaches may be used. 



Copied from 106943 88 on 08/31/2004 



c ( 

W ° 02/058157 PCT/GB02/00138 

10 

Figure 2 illustrates another embodiment of the invention in which a processing circuit is 
located between the output register 4 and the multiplication register 5. A detector circuit 
14 detects the amount of charge for an element from the output register 4 and causes a 
fixed percentage of that charge to be diverted to the additional register 7. In other respects, 
the arrangement is similar to that shown in Figure 1. However, in this type of device, it is 
not necessary to arrange for the additional register 7 to be in physical proximity to the 
multiplication register 5 as there is no direct connection between the two for transfer of 
excess charge to the additional register 7. ' 



In the devices of Figures 1 and 2, the charge from the multiplication register and that from 
the additional register is recombined prior to being applied to charge detector 6. In other 
arrangements, recombination is carried out at a later stage in the processing of the output 
signal. Also, it may be desirable in some applications to add a multiplication capability to 
the additional register 7, which performs in a similar way to that of the multiplication 
register 5. 

With reference to Figure 3, in another embodiment similar to that shown in Figure 2, a 
threshold circuit 15 replaces the detector circuit 14 and acts on applied signal charge to 
divert charge exceeding a threshold level to the additional register 7. The threshold level 
can be fixed or variable. For example, it may be arranged to automatically track changes in 
ambient temperature or other parameters, or it could be controllably adjustable. 

With reference to Figure 4, a device similar to that of Figure 1 also includes an implanted 
barrier 8 between a multiplication register 5 and additional register means for carrying 
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excess charge. However the register means includes two additional registers 16 and 17 also 
having an implanted barrier 18 between them. Excess charge from additional register 16 is 
thus transferred to additional register 17, and outputs of the three registers are recombined 
at combiner 19. This arrangement may be advantageous where signal charge multiplication 
5 is carried out in the first additional register 16 as well as in the multiplication register 5. In 
other architectures (not shown), several additional registers may be arranged in 
communication with a respective different set of the elements of the multiplication 
register. 
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